Abstract-This paper presents the hardware design of compact H-bridge magnetically isolated gate driver using Insulated Gate Bipolar Transistor (IGBT) as power device. The new Gate Driver (GD) circuit is tested experimentally with various switching frequency to observe the performance of the circuit. The compact H-Bridge is design using Proteus in one circuit board with two layers Printed Circuit Board (PCB). Switching transients of the IGBT is analyzed based on the capabilities of the GD circuit.
I. INTRODUCTION
Today the use of power electronics is widely spread in all engineering area and use to completing engineering system for better control and performance. The technique of utilizing power electronic devices is well established but for minimizing losses due to switching and conduction there are still more to be done. In industrial area, H Bridge magnetically insulated gate driver using Insulated Gate Bipolar Transistor (IGBT) as power driver is has been used for reducing oscillation in high power converter. With ever increasing commutation speeds for the active switches, the power circuit design can become a real challenge [1] . There are many issues about design a suitable driver to conduct the IGBT which can avoid from overvoltage and higher losses. Evaluation of IGBT switching loss is a basis for system efficiency improvement.
H-bridge is a set of four switches that are assembled in such a way that arbitrary load impedance is decoupled from a Direct Current (DC) power rail and ground. The "H" in Hbridge comes from the shape of the bridge, where either side of the H is different two switches in series between the DC rail and ground while the centerline of the H is arbitrary impedance [2] . An example of a simple H-bridge is with four switches and single load impedance. Each of the switches are independent from each other and only have two positions, either conducting current (ON) or blocking current (OFF).
The model aims to include thermal behavioral into power converter design within a reasonable time scale. The IGBT is reasonable for scaling up the blocking voltage capability. The float locale resistance is definitely diminished by the high convergence of infused minority transporters amid on-state current conduction. The forward drop from the float locale gets to be distinctly reliant upon its thickness and autonomous of its unique resistivity. Switching transient can be occurs at the IGBT switching activity. Voltage controlled device such as IGBT, common solution to limit the over voltage is to control time on turn-on and turn-off switching characteristic. The common solution to limit the over voltage is to slow down the turn-off speed through the gate resistance [3] . However, this increases the switching losses of the device and can thus limit the switching frequency of the driver In this work, the design of hardware is create by the two circuits which are the boost up circuit and driver circuit of the IGBT. The input power that supply from the +5V power supply is use for turn on both circuit. The IGBT is measured for voltage slope and current characteristics at the collectoremitter and gate-emitter of IGBT, respectively. The main aspect that has been investigated is capability of voltage switching on the IGBT when the Pulse Width Modulation (PWM) is applied at Gate Driver (GD). Detail construction of the GD circuit in H-bridge configuration is presented. IGBTs are used as power switches device. Output voltage of each GD flowing in this circuit is also measured. In addition, switching period (duty cycle), rise time and fall time during switching activity are analysed. The H-bridge circuit is constructed as 2-layer Printed Circuit Board (PCB).
II. H-BRIDGE MAGNETICALLY ISOLATED GATE DRIVER CIRCUIT
For simplification and understanding of the circuit, the Hbridge circuit is divided into four blocks as shown in Fig.1 . The first block is +5VDC as a supply of boost converter circuit and IGBT driver. It's transfer output to 5.0 VDC/ 4000mA that can series to all 5VDC input. Boost converter is a DC to DC converter that boosts the voltage from 5VDC to 15VDC. The hardware design for H-bridge converter includes the terminal of main power supply and output (load) of the H-bridge converter, four point of digital controller input and power supply of the IGBT driver. Proteus is used for Printed Circuit Board (PCB) design of the H-bridge. is fed to voltage at collector, Vcc of integrated circuit, IC1 SN74HC04N, the voltage is converted to AC supply with the support of several components such as resistance and capacitance. The resistance is used to limit the current flow through the coupling transformer. The transformer can only work with AC input. The transformer with ratio 7:25 is used to convert input supplies + 5VAC to about 15VAC. Transformer is also to prevent from the resonance that has been created by capacitance and inductance [4] . To prevent core saturation, the series capacitance must be places at the primary side of the transformer. It is also to avoid duty ratio dependents by blocking the DC voltage to appear on primary side [5] . Electrical parameter of the boost circuit is shown in Table I . On the secondary side of the isolated transformer, there are several components needed such as diodes, capacitors and zener diodes. Diode serves as the successor to the voltage change.The objective is to achieve a +15 VDC Vcc that used to switch on the optocoupler.
Optocoupler is an amplifier for IGBTs. The IGBT is controlled by digital controller input of +3.3V/100Hz. In addition, to reduce the voltage ripple, the capacitance is installed after the diode rectifier circuit. During discharged of this capacitor, the Zener diode works as to break down the negative charge from the rectifier and leave +15V supply for the amplifier. Fig. 3 shows the proposed circuit of Gate Driver (GD). This circuit requires two input which are from +3.3VDC input signal of the digital controller and +5VDC supply to turn on the IC2 SN74LS126A. The Pulse Width Modulation (PWM) signal is applied to gate terminal of the IGBTs. Resistors are used at the output of the gate to limit the voltage and current trough an optocoupler [5] . In the driver circuit, bypass capacitor usually used at leg of Vee and Vcc optocoupler. Bypass capacitor function as to conduct an alternating current around a component or group of component. Often the AC is removed from the AC/DC mixture, the DC being free to pass through the bypassed component [3] . Gate resistor, Rg used to control the switching of the IGBT. The Rg affect the IGBT switching time and losses and to make sure the GD in under good IGBT switching behaviour setting. The H-brige circuit is construct with combination of four GD as illustrated in Fig.4 . Electrical parameter of the GD is presented in Table II . III. DESIGN IMPLEMENTATION The complete design of the H-bridge circuit with four driver circuit must be viewed as a whole to optimize the performance of the circuit. Dampling resistance as RC circuit is use to limit the current flow through the coupling transformer. IC1 SN74HC04N is used for inverting the DC to AC signal. The operating voltage range of the IC is about 2V to 6V and low power consumption. . The voltage across the capacitor, which is time dependent, can be found by using Kirchhoff's voltage law [5] as in equation (1).
To maintain the ripple voltage on low condition, LC circuit is placed in series with the inductance of transformer on primary side. The coupling transformer is used for boost up the voltage from the 5VAC to 15VAC with 7:25 ratio. Bifilar winding is a suitable coil to reduce amount of leakage inductance [4] . It is also provide better coupling in between the winding and consequently reduce the leakage inductance [5] .The Boost circuit is follow by the capacitor. The capacitor works as to low the voltage output in range 15V. Zener diode use to reduce voltage ripple at this boost circuit.
IC2 SN74LS126A is a control unit of the driver circuit. Table III shows operation of the state buffer of logic gate of IC2. E terminal is connected at a power supply from the Vcc and D terminal is connected to the pulse generator. The output is determined by the input with two conditions; low voltage level or high voltage level.
Optocoupler consist of Gallium Arsenide/Phosphide Lightemitting Diode (GaAsP LED) optically coupled to an integrated circuit with a power output stage. The optocoupler has high operating voltages range of the output stage provides the drive voltage required by gate control devices. The output pulse from IC2 is fed to the optocoupler to turn ON the GaAsP LED and generate signal to switched on the IGBT [6] . IGBT used in the circuit is type soft fast recovery with antiparallel Emitter Controlled HE diode [9] . The capabilities of the IGBT are listed in Table IV. The IGBT have low VCE (sat). Turn-on and turn off delay time of the IGBT are 24 ns and 292 ns, respectively. The switching characteristics mentioned is for inductive load at Tj = 175 o C. The rise and fall time are 26ns and 90ns, respectively. Therefore the IGBT is declared as very high switching speed.
IV. RESULTS
This section presents experimental results of IGBT switching characteristics on the driver circuit. The experimental work is performed by using signal generator to switch on the IGBT. The switching frequency is varies from 100 Hz to 25 kHz. Fig. 5 shows voltage across gate-emitter, VGE of the IGBT. The turn on delay is about 2.9us at voltage about 13.2V on Fig. 5 (a) and turn off delay is about 3us. These results are measured at frequency 100 Hz. In almost waveguide gate switch, the maximum duty ratio, D is dependent on the switching period, Ts, rise time (Tr), and fall time (Tf) [4] [8] .
The IGBTs is active during approximately 14V to 15V of supply signal. The capability of the IGBTs is tested with higher frequency. From the datasheet [9] , the voltage collector emitter VCE that can be handled for maximum voltage rating of the IGBTs is about 600V. For the frequency, the short circuit withstand time Tsc is about 5us, where the frequencies that can be handled is about 200 kHz. Fig.6 plotted the time taken for rise time and fall time of the IGBT until it is fully turned-on. The data that have been collected showed the speed performance characteristics of the IGBTs from frequency 100 Hz until 25 KHz. There are small changes of the time since the IGBTs has fast switching performance and less losses. Besides that, it has short tail current which makes an advantage in switching process adding with freewheeling diodes for fast and soft reverse recovery [7] . Fig.7 illustrate the rise and fall time of the GD at 50% duty cycle. Average rise and fall time from switching frequency of 100 Hz to 25 kHz is approximately 2600 ns and 128 ns, respectively. Overall, the GD has better speed performance on fall time compare to rise time. The GD has fast fall time which are less than 100 ns at frequency 1 kHz and above. The IGBT capability to handle high switching frequency but the capability of the Integrated Circuit (IC) used in the gate driver is limited. Fig. 9 shows the H-bridge driver circuit. As a conclusion hardware design of compact H-Bridge magnetically isolated gate driver using insulated gate bipolar transistor, IGBT as power device has been presented. Rise and fall time is quite small. The GD has s low fall time which is less than 100 ns. Beside, the driver is tested to operate at high switching frequency and capable to handle it. Design of compact H-bridge circuit is challenges to avoid short circuit and sensitivity of the components during construction of the circuit.
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